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INTRODUCTION

e tranemission, reflection, and absorption characteristics of a
material largely determine its usefulness in underwater sound applications.
Uses may include transducer windows, sonar domes, sound reflectors, and
linings for test tanks. Most of the experimental data available in the
literature are for normal incidence of a plane wave on the material.

However, in some applications it is desirable to know the acoustic properties
of a material for angles of incidence other than normal. For these reasons
a8 test system was devised to experimentally determine the acoustic properties
of materials over a wide range of incident angles. Theoretically, the most
straightforward approach to the case of arbitrary incidence is found in

Brekhovskikh. The expressions for transmission and reflection coefficients

s o g,

will be used to compare theory and experiment. Hence it is the purpose of
this paper to experimentally determine these coefficients for AbsoAic-A,

Plexiglas, Soab, Polyethylene, and Fiberglass for frequencies ranging from

'Lgm: a’@ﬁﬁ ‘M}!" ‘

100-500 kc, compare the results with theory, and then exsmine their usefulness

in underwater sound applications based upon these results.
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THEORETICAL
Brekhovskikh's theory presents the case of transmitting infinite plane
waves through an arbitrary number of solid layers. It makes allowance for
arbitrary incident angles and reflections at boundaries. A brief rather
than coamplete development of the theory will be presented here.
The ccordinate system used in the development is shown in SLIDE 1.

P, is the incident wave, P - the reflected wave, and Pt the transmitted

i
vave. The potential functions of longitudinal and transverse waves in the

nth solid layer resulting from a plane wave incident in medium n + 1 can

bte written as:
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k2.9 - /4 !
o= (kn -o)—kncosen ;

(i.e., a0 is the z-component of the wave vector for the longitudinal wave),

Here

B = &2 - o

(B represents the z-component of the wave vector for the shear wave), and

o= kn sin en = kn+1 sin enﬂ = Kn sin Yo

(o represents the x-component of the wave vector for both waves). The
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magnitude of the incident longitudinal wave is ¢*' and ®" is the magnitude
of the reflected wave. The symbols ¥' and V" represent similar magnitudes
for the shear wave. '

In order to express the pressure amplitude in one medium in terms of
that in another, relationships must be obtained for the particle velocities }
and stress components in each medium. After these relationships have been {
obtained, the tranemission and reflection coefficients are easily found.

If it is assumed that medium n + 1 and 1 are liquids as in this experiment,

the transmission and reflection coefficients are defined as:

o oy gn
V= and T=—= : . :
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1A

The final expressions for these quantities are

2Nzl

l“l(z..L + 23) + 1[(102 - M2) z, + 23]

T =

and

) M(zl - 23) + i[(N2 - Ma) z, - 3]
Mz )+ (F ) g |
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. z2 cos 2Y2 . zat sin 2Y2
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zl s8in P zl sin Q

z, = p,c 1_/ccus 6, - acoustic impedance ,
P= -a2D = -k2]) cos 62 and Q= -B2D = -KD cos Y2 .

Absorption is included in these expressions by making the wave number

cmplex, i.e.,

vwhere

k = .—w—_
ph Cph

c

ph -+ phase velocity of propagation .

The longitudinal velocity may be written as

-0 _
C-k 2e

Hence the scoustic impedance will be complex since

z, = pici/cos 6, -

o

1
nee 4

AN BT Feiolorng W s, ewan

<
o

fpssmasnsianinsi s

ey

. £ eyt e s - R - N ey -~ = T e e NN
e ST R . » Fer 2 e R R . L N N G e N s L 2T
| anh 3T E;.x%* o R Ve I T WU AR e M a0 S DT
R e R 3 L SRR S RIS ?’@:’«*“'1&:1 u L”'“’»“-W%ﬁ*aw’s\:“’,{?%’i’sﬁ-;r&i&?:miz

¥




P e s ST R

(}

Snell's Law is used to relate the angles
kn-!-l sin 6n+1 = kn sin en = Kn sin Yn .

The preceding expressions were programmed for the Control Data 1604
Computer. The transmission and reflection coefficients were computed as
the grazing angle (the angle a perpendicular with w.e wavefront mekes with
the interface) is varied from zero to 90° in 1/2° increments. The longi-
tudinal and shear absorption was varied until the best agreement between

theoretical and experimental curves wes obtalned.

EXPERIMENTAL

Slide L

The measurements were made in a laboratory tank which measures 8 ft in
diameter and 7 £t in depth. A pulsed technique was used to avoid multiple
reflections in the tank. A mechanical positioning system afforded close

control of the x, y, and z coordinates. The transducer positions were

i

controlled to within 6 mils horizontally, 10 mils vertically, and ,1° in
’f tilt. The dynamic response of the system was 60 dB and a complete set of
readings could be repeated within 1 dB. The area insonified by the half
z pover beamwidths was an ellipse whose major axis rarely exceeded 1.5 ft. ]
By choosing materials whose dimensions were at least twice this length,

the portions of the wave not striking the material were quite small in ampli-

tude. Care was taken to keep the hydrophone and material in the farfield of §

the projector. The expression D2/A was used tn determine distance to the

farfield where D is the dimsmeter of the transducers and A is the wavelength

of the pressure wave,
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COMPARISON OF EXPERIMENTAL AND THEORETICAL

Slides 5 and 6

Experimental measurements were made on Absonic-A, Plexiglas, Fiberglass,
Polyethrlene (ow-density), and Soab. The comparison between theoretical
and experimental values showr: here is for 1/4 in. Absonic-A at 500 ke.
The parameter values need some explanation. The value for velocity of
sound in water was taken from a temperature-velocity curve for fresh water
efter the temperature was measured. The longitudinal velocity is measured,
but the shear velocity is a book value. Varying the longitudinel and
shear absorptions enabled one to obtain good agreement between experimental
and theoretical curves. By varying other parameters slightly, even better
agreement could be obtained., However, it was felt to be unnecessary since

typical values were used throughout the calculations.

COMPARISON BETWEEN MATERTALS
For the materials used in this experiment, certain conclusions can be
reached concerning their usefulness in underwater sound applications.
Slide 7 is a comparison between Absonic-A and Plexiglas at 270 kc. Absonic-A
has a slightly better transmission characteristic at normal incidence indi-
cating it would be the better choice for a transducer window materiasl. Its

use as & sonar dome would be preferred also since it has acceptable trans-

mission characteristics over a wider range of grazing angles.
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S8lide 8 indicates that Polyeth&lene (ow-density) has transmission
properties similar to Absonic-A. However, Absonic-A might be preferred
in applications where structural rigidity is important. Slide 8 also
i1lustrates why Soab 1is often used as & sound @bsorber. This is shown
even more clearly on Slide 9. The ;,bsorptive loss in the Soab has ' )
increased greatly, indicating that the sbsorption is frequency dependent.
Fiberglass is often used in sonar domes because of its structural advan-
toges. 8lide 10 indicates that it is acoustically acceptable over a certain

range of incident angles.

CONCLUSIONS
Experimental verification of the theoretical expressions indicates that

theory may be used to predict transmission and reflection coefficients quite

Fenk 4«

accurately. By coambining experimental date with theory, the absorption

R

properties of each material can be predicted. Determination of these

properties then allows one %o Judge its usefulness in underwater sound

applications.
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¥ = (vcemz + vne"mz) ei(cx - wt)

a=

g =

J(kan - 02) =k cos 8
’ 2y .
(Kzn - o) =K cos v,

n+l

o- k 8in en =k sin 8 . = L sin v

-~

Slide 2 -

(1)

(2)

(3)

(%)

(5)

(6)

(7)

(8)

(9)

(10)




”"
v=%—r T =

'OI'D
o
2

9

B

2NZ1

'= M(zl + 25) + 1L(N2 - M2) Zy 23]

v =M(zl - 5) + 1[(N2 - M2) 7, -'_3]
M(zl + zj) + 1L(N2 - M2) z, + z3]
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q = _zg cos 2-\(2 . Zo¢ sin 2y,
z, 8in P Zy sin Q

1
z, = °1°1/°°9 0,
P= -aal) = -k2 cos 921)
g Q= -62]) = 'KE cos"vaD
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(11)

(12)

(13)

(1%)

(15)
(16)

(17)
(18)

(19)

(20)

A -
M/ww(gws-_ogd PR .
e Lo

e T RA T I R
- . ]S PR EAN
ARy sm@z.”ﬂﬁs'ﬁ};ﬂ;’}.\fz": P 1.




O - e s g 9= ¥ S

RECEIVER

PROJECTOR

S, R, V. .

i ——

P e i S i S ) P S [ — [ S S S &

=

Pn

 — — — d————f——

P A m— S S —— 4

-

Slide U

REFLECTION MEASUREMENTS

R B P S M T N NS

- UT
DWG .AS-98629

- BEE
3-17-644

DRL

B
LA MR NN

S e, v~
PR E:,.;, S
AR

A
1 %.
5

2

4

N
433

e
LEEA

e

AR ¢
;&?3};}':?‘ * - )ﬁ ¥

S

e

£y

CENTENY g_ﬂ

i




z R . e e e e e e ey

e TR YA M e .

v P aaant ' - -
b I i
[ i .
iy O
B i i
1 1! ! pE AT = 7| < 7 4 =
; - <
_ L 9 . - H-
] -
i i 43
| =y L
| -~ h .
\
w \ s
h o1 [y ]
| [« B0 REDN- &) 2313
, REhRyay n
| LA/ d e
| v ! ﬂ__ [}
; \ 9/ OLT= e
7 T \f\ : o y ey n
A al, ROS_EAPNIN T H @
: Y = y AW
o , B ITNOS B | =
fl: ] Y. P4 -
3 y L .
. \e D v Yo
_ : A2 TDTIAT O NWOT. YT v
g, AY J i ! bt
N 14 [ ] T
| i IRy 4 4
- It NJa | Al !
¢ IR VA ) W | v .
- T IR AU VA -
: N ] i ' !
! i ] D=l
1 R bl | i N
‘ X e ) 21 N
i i i { 1 |
i ! ) | | 1
[ N H ¥ | N
, i IR B 1 | {
, ‘ ¢ Vo 1 IR ( 1 17 1 T N 10
| ’ { | y . . I i ! ¢ i 1 N | hed
f ! | I : i : 11 R T U] IR 1 4“«. T -
N 1 R i T i | [N | M ﬁh N 11
| - - i A DL N
* 1 i HENEEREEN ] HEEY RNERSE R T NN ) iV
| IR IR T ) N ERERERTN N NSRTA N BRI 11 7T ) y 1
DA St B L A ISR AR RS O R e s SN
! i i . ) yo1orT Vo i Py 1
R S ST IR 1 T : ™ _/.11!0 [ AR
¢ { - { 'Y 'S N NI 3ave : HINI ¥3a Ot X Ot

. 03 N3I9ZL31Q INION ' UIdYd Hva N3ISZLIQ Ot-0vE ON




< n— v

AR e s MR RN e

oy W4

e

Q
N
N

-

A—-r_’-i’

Q)

=
[t

’f

o0 T

N W U

—

— %

e~

o
i1

4§44

1144

———

JUDRSEPUE S e

]
1
__
1
), !
v

v
¢

i
4 -
\«--. 34—

PR,

T: .

e e e o

e gy |

-4 -4 43—

4—4-

g g

TN

- 4§

— 44—

4- 4

-~
.

—

v OB ‘NN o3avYN
"0 N39Z131Q IN3ION]

HON! 83 Ot X Ot
W3dVd HyeYXNT N3IQZLItG O1-0OvE "ON

8lide 6

v

whn

=

Y
Sa ¥R

s o
Sa S s S
T P ‘ZW'“?:*:;«;

oy
8]

ot
»




PR Y LT

.-

ST

N
= rat

- - - - e e - — - — /Abtv
[ [ H i !
RN AR L : o -
i
| i o
1 1 N e 7 E; 7 E ~ ¢
_ 1
i i ]
(@12 1 ! Z o P
i
=iy
i
I
o
_ L
e
! |
1 ¢ e
- NSHTRIX YA TS ~
1 N !
T = TR S FH T g
! RN ! N i ) T -~ | ot
SN ay kRN RN &
) o RS NRREEA ]
iy {4 g #- 4. iy mng ol
: et 1
7907 ONT
! N : i -
] 48T ] !
BRNA - g R ) B ,
LNVITITT NOTS A S '
i i ' i 4 1 H
| —dm
i
)
e | }
; i | ! | .
o . T \ Lt i 1 -
1T ! .
| | N
i T 1 | 1
H I ! 1 |
T 1 . i ! |
Tl ! T L1 111
i BN REE RN i v\-.
o I IR NP N W I\sm; ]
T 1 i 1 1 1
S T e ( i ] ! { : -
~ A T N A\ ) T 1] | T |
R IR IS A ,,‘Q.A.UQAA_ 1t i i 1
[T I JS ! T M i [ », “ i T ) i
o aee g e . e - > - : et T _ ¢
! ! [ P RN oY Ty 1 1 . ] i ]
»\. ~ - - 11!. - .\7 .A‘..?.qlfl!ol« - Tt i rl ] [ ;Y | g ) : i 1 | 1
= T l..Gaun it..-..\ﬁhl.k!.“. Dot &y o St IRURLDEE ISR NI N I T _ ...w
— g MA»? B e e M f.a'hl‘ﬁl‘*‘ul!‘ldﬂl,_ H _m_ ARt w } RERER L T
. .-*ii.. orqee =omE S SRS U 1, 1..1‘171«.,11‘17.41.:- B e Rl S S e 1 SRRees o o — foXi .
- { v S NNE ICYW HONI 33g 01 X O ,
- ‘00 N39Z131Q INv3IAN3 dAdYd HdYHD N3I9ZA3IG Ot-O¥E 'ON
!
Rtman 2" W)




AWy -
P Tt

5% 4t
.. N

s

;
‘
ke

N
-
o X

w5
a0

i WA

1A

o 20
B

RS

o=

PEATE A
o2t iy

e ——— et e mss e e — = - - L N Y A PR g Jw
RN AR ] 1 ]
ERREEREEEN q i
EREEE .
! —— p—
i) . ,
) 1 L /& [7d Y. =
!
i
AV L P
]
!
i
¥
~ : L.IQ + «©
4 }x\ A
I RN ] Q
&= NOST R =51 5
1 1 H ] U -~
. 2D G ¥ y (]
Qe «il%&\ﬂwﬁﬂe T w
1 T T IN AT 7 4
| I 1
2 7ONG DN T AT
] 117 1
TS AT .
=
R J UL N Lo I.AN A M
|
i S
1 IR
) [
s I i
R ! . : b
RO ; _ N
! : 1 | L1
H.+* i i i X Ty | 1T i
i i Y T ! 117 "
I i ‘ i i 1 ' ' P ) i |
T 7 ‘ ' IR = I T
1 1 rry ey A e T T T
e A 1 R R s
> SR St iy s S LR v B 1 _ ™ 1 T
b e X T T 1 !
O I It et DO B 4‘“‘. OIS I S § i R R I STl
P - S e e Sl G MR — : m :
[ v 'S NN 3QVYKN HAONI 8334 QL X 0L
- ‘0O N39Z131Q 3IN3ION3 H3dvd HDYNS NISZLARIG QL1-0vyE "ON N
.

A ot et np €

i




- m e O ST e wy

P T YRR

j

wgedeg b o
v
S8

s

L

i

Altendt gl S SIS A e
»

SRy

) 4

¥ k

\ 4
> - .

m -
| L - = A
T : ] I N ww.\m.“
“n - ..Mr
] ] .Wme
] ! RS
_ _ o ¥
] ..
: 1t = ]
, : 4 = |
: { L% mw
. 1 %N__
: ALK i
; A1
! ! i R B4
] M i A
1 L] L . “,
m i “. [\ ' H W
ot A EHO S e | B
Il e FINZTAH L IAYOT ==
1 i ) ; " .
- S I AN R ey = u
/) = PH008 =R ININDIY
! T IR TH I AR B .
T { i | o = 3
- 1 ST ETANY, ONIZ YR
i ! 1 ! : i i | i
) l M ; .h_ I NRERNRRRRERNEEE MY, i 1 ! q
) ) § Fk T .n t ’ R -1
! demed i M,.J.J,Ll.itql LNITLIITIATOO NCIXNSYIAWSNYIL ; ! V, h
5 IR0 A . ) . L
: iy ¥ \ V 1 ] N
’ b 2 i “ . ! i % 1 T m I 11
3 iy ‘ T T T T T 177 ™
} S . . Y — | ™ T 1 T 7] | IR T 1 [}
D i 1 T ] T 1717 L “f T I
........ ! 1 N i ' [ | ! | i ] . L -
i = ﬂ 17 “ _ 1 i FT ! R T 1T 1 i 1T
A T _ 1 ! IR i e ]
Be W
il i -
J& { ¥
‘MM w ) s » v 'S ‘N NI 3CYN ' HAON! 339 Ot X QL .
o ] C e - 1 ‘00 N39ZL31Q 3NIONI ' 43a¥d HJdvdD N3ISZL31Q 01-0rE °"ON

4




ML

>
S

- B . . O o e e e e o -y
|
. e T e e ,

3 ‘ NN i 1 | ! i i ] i
M A i iy R :
s ; [ i i :
5. i A o H H
..,mwew, IR B [ ] i i
yﬂ? “ N ; . - IWN.\I A ‘N 7/ 2/44 4

Q"
).

6Y-i- |
Q11
Ry
N

e

[

4
Ry
¢
<
N I
i H
\ -
| | H
i ;
H |
1 3
1
¥ 13
" i !
' [ v )| , | -
! i | | T BRPEYS N N
| MO OIS AININ T H: i 9
i [ R . _ v 1 i
o qwg_m@\qn. 3971 2. g
; i o oy 1
I CT D TONY DN T E A
L) 3 _ f ! el U | 1 o
o i ! ] T STAT ]
B ! ! PR PN o o~ y.
e : INITINTITIIT I WO LSS TININTL =
&W M ) i ]
o I ] !

KA T 1 1 N
¥, : 1 '
¢ L

.
- I _
X 1 i i
B :
1 1 #
t ) i _
L ; 1
i 1 IR |
1 SR J!/ ; I
R RN i T 1 ) :
X T R T T I } T
T A R S i 1 1 T | H V | 1 ! : i [
R e e e RS N BN S B R N EE A AR Bl
R ) T JrTT s p T 1 T X T X 1 T T y T 1 BER
[Ty T T ) Hi-t,:-.: SN AR IR I ! 1 | I T 1711 ] 17 T 17
T T R A - N ' T IR T —T 177 1 i
' . . i ' Ty s RN R H T 1 1B 0
iR IS I 3 ; T T T T . T M ]
TTmTm oy e ) - ) T ¥ L i v 1 LT T § T 1
- 0: '. lA ) - | --. . .\s ) ) i ot [ . T ] ' w t { | ! _ ‘,. ! 1 | ] J
\ - , 1 ? T T T

4
]
p
e
il
ST
bl

/ 24

. -} o
. . R

i v S NG 3QYW HONT ¥3d Ol X Ot A

L. - - 3 ‘03 N3SZL31Q 3N39N3I ¥3dV¥d Hdvd¥S N39Zi3IQ Ot-0OvE ON ‘




